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(57) Abstract: A vertebral -column device that is suitable to be received in an intervertebral space between two dorsal vertebrae said 
prosthesis comprising a curved strip of biocompatible material and the width of said strip being such that after placement said'strip 
makes contact with the aforementioned vertebrae, the strip being manufactured from a material that can undergo great deformations 
before permanent deformation arises, and the strip being curved in a shape in which the extremities are situated apart from one 
another and the radius of the curved parts and the thickness of the strip being chosen in such a way that when the strip is bent out 
into an approximately straight strip scarcely any permanent deformation arises, in which case the strip which has been bent out into 
an approximately straight strip is capable of being introduced into an intervertebral space where the strip assumes its original curved 
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IMPROVED SPINAL FUSION IMPLANTS AND TOOL FOR INSERTION 

The invention concerns improvements in and relating to 
vertebral -column fusion devices, surgical apparatus and 
surgical methods. In particular, but not exclusively, the" 
invention relates to a vertebral -column fusion device that 
is suitable to be received in an intervertebral space 
between two dorsal vertebrae, said a fusion device 
comprising a curved strip of biocompatible material, with 
the width of the strip being such that after placement said 
strip makes contact with the aforementioned vertebrae. 

Fusion devices aim to promote fusion of the adjoining 
vertebrae together. As such they are distinct from disc 
replacements where the hew disc aims to mirror the behaviour 
of and given the mobility of the natural disc it replaces. 

Fusion devices, in the most general sense, are known 
and are employed in cases where, as a result of accident, 
overloading, old age or otherwise, an intervertebral disc of 
the dorsal vertebral column is no longer able to perform its 
normal supporting and stabilising function. In these cases ' 
there is fitted in the space of said intervertebral disc a 
device which entirely or partially takes over the load- 
bearing function of the intervertebral disc until bone 
fusion has taken place. Known fusion devices of this type 
are constituted by a so-called cage construction with a 
closed peripheral surface which, for example, may have a 
cylindrical shape, and two end faces which after placement 
make contact with the two vertebrae bounding the intervening 
space. This type of fusion device is introduced into the 
intervertebral space by means of a surgical intervention and 
is manoeuvred into a precise position. Moreover, for good 
stability and satisfactory load-bearing capacity it is 
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usually necessary to fit two of these device in the 
intervertebral space, side by side, one on each side of the 
vertebral column. 

One disadvantage of these known devices is that they 
are difficult to fit in the intervertebral space, fitment 
being effected by means of a labourious, time-consuming and 
therefore expensive surgical intervention, in the course of 
which a relatively large access opening has to be made, with 
destabilisation and local trauma as a consequence . In the 
case of a posterior approach this is effected, as a rule, on 
the left and / or right sides of the spinal cord and in 
either case results in a fairly serious intervention. 

The invention has amongst its aims to provide a better 
device that is simpler to fit in the intervertebral space 
and that, while preserving the simplicity of fitting, can 
nevertheless have a larger and therefore more favourable 
bearing surface than the known devices. The invention has 
amongst its aims to provide advantageous surgical apparatus 
for introducing devices into an intervertebral space. The 
present invention has amongst its aims to provide an 
advantageous surgical method for introducing a fusion device 
into an intervertebral space and / or for using surgical 
apparatus . 

According to a first aspect of the invention we provide 
an intervertebral fusion device, the device comprising an 
elongate element, the elongate element providing one or more 
upper load bearing surfaces and one or more lower load 
bearing surfaces, the upper and lower load bearing surfaces 
being vertically spaced from one another by the elongate 
element, the elongate element having a first state and a 
second state, the elongate element having a substantially 
linear configuration in the first state and a less linear 
configuration in the second state, the elongate element 
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being capable of transition, at least once, from the second 
state to first state and being capable of transition, at 
least once, from the first state to the second state, the 
elongate element being of shape memory alloy. 

Preferably the intervertebral fusion device promotes 
fusion of one vertebrae to an adjacent vertebrae with the " 
device there between. Fusion may be promoted by the 
ingrowth of bone or other material. The fusion device may 
restrain movement of one vertebrae relative to the other 
vertebrae the fusion device contacts. 

The elongate element may be a substantially planar 
element, for instance a strip or sheet. 

The elongate element may have a non- rectilinear cross - 
section at one or more locations along its length. The non- 
rectilinear cross -section may be provided throughout the 
length. The non-rectilinear cross-section may be provided 
at a plurality of locations along the length, with a 
rectilinear cross -section being provided at a location 
between two or more of those locations, ideally between each 
of those non-rectilinear cross-sections. The non- 
rectilinear cross-section may provide an increased thickness 
portion at the upper edge/upper load bearing surface and/or 
at the lower edge/lower load bearing surface of the elongate 
element- The non- rectilinear cross -section may be of a 
linear C-shaped cross-section. The portions of the elongate 
element having a non-rectilinear cross-section may have the 
same profile in the first and second states. The portions 
of the elongate element between the non- rectilinear portions 
may flex and/or bend during the change from first to second 
state and/or vice-versa. 

The elongate element may be a mesh. The elongate 
element may be continuous or may have one or more holes or 
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apertures in it- The holes may be round and / or oval 
and/or triangular and/or diamond shaped. 

The elongate element may have a linear upper load 
bearing surface or surfaces. The elongate element may have 
a discontinuous upper surface. One or more indentations may 
be provided in the upper load bearing surface . The elongate 
element may have a serrated upper load bearing surface or 
surfaces. The elongate element may have one or more 
protrusions or spikes provided on the upper load bearing 
surface or surfaces. The upper surface of the elongate 
element may be defined by one or more, preferably linear, 
load bearing surfaces interspaced by one or more 
indentations. The indentations may be triangular in shape. 
The upper load bearing surface or surfaces of the elongate 
element may be provided with one or more protrusions or 
teeth. The protrusions or teeth may have a triangular 
profile. 

The elongate element may have a linear lower load 
bearing surface or surfaces . The elongate element may have 
a discontinuous lower surface. One or more indentations may 
be provided in the lower load bearing surface. The elongate 
element may have a serrated lower load bearing surface or 
surfaces. The elongate element may have one or more 
protrusions or spikes provided on the lower load bearing 
surface or surfaces. The lower surface of the elongate 
element may be defined by one or more, preferably linear, 
load bearing surfaces interspaced by one or more 
indentations. The indentations may be triangular in shape . 
The lower load bearing surface or surfaces of the elongate 
element may be provided with one or more protrusions or 
teeth. The protrusions or teeth may have a triangular 
profile. j 



:ia <wo. 



_0106962A1J_> 



WO 01/06962 



PCT/GB00/02861 



-5- 

The upper and lower load bearing surface and/or one or 
more of the upper and lower load bearing surfaces may be 
parallel to one another. The upper and lower load bearing 
surface and/or one or more of the upper and lower load 
bearing surfaces may be angled relative to one another. The 
angle between a projection of the upper load bearing 
surfaces and/or at least one of the upper load bearing 
surfaces and the lower load bearing surface and/or at least 
one of the lower load bearing surfaces may be 5° to 15°, more 
preferably 7° to 13°. More preferably the angle is 8° to 12°, 
still more preferably 9° to 11° and ideally is 10°. One or 
both of the upper or lower load bearing surfaces may be non- 
perpendicular to the height of the elongate element. 

The upper and/or lower load bearing surface or surfaces 
may contact and/or enter the vertebrae in use. 

The vertical spacing of the upper and lower load 
bearing surface or surfaces may be between 7mm and 20mm, 
preferably between 8mm and 17mm and ideally between 9mm and 
15mm. The maximum vertical spacing is preferably less than 
22mm, more preferably less than 19mm and ideally less than 
17mm. The maximum vertical spacing is preferably provided 
at one or both ends of the elongate element, particularly 
■ when the device is introduced from the anterior side of the 
patient. The maximum vertical spacing is* preferably 
provided within the middle portion of the elongate element, 
particularly when the device is introduced from the 
posterior side of the patient. 

The minimum vertical spacing is preferably more than 
4mm, more preferably more than 5mm and ideally more than 
6mm. The minimum vertical spacing is preferably provided at 
one or both ends of the elongate element, particularly when 
the device is introduced from the posterior side of the 
patient. The minimum vertical spacing is preferably 
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provided within the middle portion of the elongate element, 
particularly when the device is introduced from the anterior 
side of the patient. 

The first state may provide a linear configuration fox* 
the elongate element. The first state may provide a non- 
linear configuration, for instance a curve or waveform, for 
the elongate element. A non-linear configuration may mean 
one end of the elongate element being offset from a tangent 
to the other end by less than 5mm, preferably less than 4mm, 
more preferably less than 2mm and ideally less than 1mm. A 
non-linear configuration may mean one or more portions of 
the elongate element being disposed to one side or the other 
side, relative to a centre line of the elongate element. 
The one or more portions may be so disposed by one or 
curves, preferably alternating direction curves, ideally a 
waveform. The first state may provide a configuration in 
which one end of the elongate element is further, in a 
straight line, from the other end of the elongate element 
than any other component. The part of the elongate element 
intervening the two ends may be non- linear, for instance 
including one or more curves. A wave form consisting of 
alternating curves of opposing direction is particularly 
preferred. 

The second state may provide a configuration in which 
at least a part of the elongate element is curved. The 
second state may provide a situation in which the entire 
length of the elongate element is curved. The curve may be 
of constant radius throughout the length of the elongate 
element. The curve may be a various radii over the length 
of the elongate element. The minium radius is preferably at 
least 3mm and more preferably 5mm. 

The second state may provide a configuration in which 
at least a part of the elongate element is curved and in 
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which at least a part of the elongate element has a waveform 
and/or serpentine and/or wavy profile. The parts may be the 
same part of the elongate element. The curves forming the 
waveform may have a radius of less than 1mm. 

In the second state the elongate element may have a 
configuration which is a part circle and/or full circle 
and/or spiral and/or U-shape and/or a part oval and/or full 
oval. The ends of the elongate element may be touching or 
may be apart in the second state. One end of the elongate 
element may be tucked behind the other in the second state, 
touching or not touching 

Preferably the elongate element is formed of a single 
piece of shape memory alloy. 

The shape memory alloy is preferably an alloy of 
titanium, most preferably with nickel. The shape memory 
alloy may be an alloy of copper and zinc and/or aluminium. 
The shape memory alloy may be an alloy of iron and nickel. 
The shape memory alloy may be an alloy of copper, aluminium 
and nickel. The alloys may include other elements. 

The transition from second state to first state is 
preferably provided in the warm state for the shape memory 
alloy. The transition from the first to second state is 
preferably provided in the warm state for the shape memory 
alloy. The elongate element may be brought into in the cold 
state, prior to or during insertion and/or be in the cold 
state after insertion, at least temporarily. The transition 
from first state to second state may be caused by the 
elongate element passing from the cold state to the warm 
state in the patient. The passage from cold state to warm 
state may be be caused by body heat and / or external 
heating. 

The transition from second to first state is preferably 
achieved by the application of stress to the elongate 
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element . The transition from first to second state is 
preferably achieved by the removal of the application of 
stress to the elongate element. 

The shape memory alloy preferably undergoes pseudo- 
plastic deformation during the transition from first to 
second state. The transition from first to second state 
preferably involves a strain of less than 10% for any part 
of the elongate element, more preferably the elongation is 
less than 8% for any part. 

The elongate element preferably has a thickness, for 
instance perpendicular to the vertical in use, of less than 
2mm and more preferably of less than 1.5mm. A thickness of 
between 1mm and 1.5mm is preferred. 

The elongate element may have a constant thickness 
throughout its length and/or width. The elongate element 
may be provided with one or more reduced thickness portions. 
The reduced thickness portion or portions may be provided by 
recesses and/or notches and/or grooves in the elongate 
element. Preferably the surfaces defining the elongate 
element and feature defining the reduced thickness portion 
are connected by rounded surfaces . The reduced thickness 
portion may have an extent along the elongate element at 
that reduced thickness. The feature defining the reduced 
thickness portion may include a curved portion linking the 
elongate element at normal thickness to the elongate element 
at reduced thickness, with a further curve linking the 
reduced thickness to the normal thickness of the elongate 
element. Preferably the feature defining the reduced 
thickness portion is provided on the outside surface of the 
elongate element. The feature defining the reduced 
thickness portion preferably extends throughout the width of 
the elongate element. The features ^definijng the reduced 
thickness portion may be regularly spaced along the length 
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of the elongate element. The features defining the reduced 
thickness portion or portions may be irregularly spaced 
along the length of the elongate element. In particular, 
the features defining the reduced thickness portion may be 
preferentially provided in the portion of the elongate 
element which undergoes the greatest change, even the 
change, in profile between the first and second state. The 
features defining the reduced thickness portion may be less 
frequently provided or absent from the portion or portions 
of the elongate element undergoing least or no change in 
profile between the first and second state. 

Where the elongate element includes one or more reduced 
thickness portions and / or one or more enhanced thickness 
portions, it is preferred that the elongate element have a 
minimum thickness, in the reduced thickness portions, of at 
least 0.4mm. It is preferred that the elongate element has 
a maximum thickness, in the non-reduced thickness portions, 
or enhanced thickness portions of at most 3mm. 

The maximum extent of the elongate element, measured 
from any point to any other in a straight line, is 
preferably less than 50mm, more preferably less than 4 0mm 
and ideally less than 35mm. The maximum extent of the 
elongate element, measured from any point to any other in a 
straight line, is preferably at least 7mm, more preferably 
at least 10mm and ideally at least 12mm. 

One or both ends, preferably only the trailing end 
during insertion, of the device may be provided with an 
engagement profile. the engagement profile is preferably 
used to link the device to a surgical instrument, 
particularly a surgical instrument for inserting the device, 
the engagement profile preferably provides an engagement 
with the instrument during insertion > and /.or removal and / 
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or manipulation and / or advancement and / or retraction of 
the device . 

The engagement profile preferably provides one or more 
surfaces, at least in part, facing away from the other end 
of the device . Such a surface may provide an abutment 
surface during insertion. The engagement profile preferabfy 
provides one or more surfaces, at least in part, facing the 
other end of the device. Such a surface may provide an 
abutment surface during retraction and / or manipulation. 

The engagement profile may include a surface extending 
from the end of the device, a second surface extruding from 
the end of the device and a third surface linking the two. 
The third surface may be generally parallel to the end of 
the device. The first and second surfaces are preferably 
non-perpendicular to the end of the device and /or non- 
parallel to one another. The engagement profile may define 
a protruding dovetail from the end of the device, ideally 
defined by the first, second and third surfaces. 

The engagement profile may include a recess in the 
device defined by a first surface extending into the device, 
a second surface extending into the device and a third 
surface linking the two. The third surface may be generally 
parallel to the end of the device. The first and second 
surfaces are preferably non-perpendicular to the end of the 
device and / or non-parallel to one another. The engagement 
profile may define a recessed dovetail, ideally defined by 
the first, second and third surfaces. 

The invention may be a vertebral -column device / 
prosthesis, suitable to be received in an intervertebral 
space between two dorsal vertebrae, said prosthesis 
comprising a curved strip of biocompatible material and the 
width of said strip being such that after placement said 
strip makes contact with the aforementioned vertebrae, 
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characterised in that the strip is manufactured from a 
material that can undergo great elastic deformations before 
permanent deformation arises, and the strip is curved in a 
shape in which the extremities are situated apart from one 
another and the radius of the bent parts and the thickness 
of the strip are chosen in such a way that when the strip. is 
bent out into an approximately straight strip scarcely any 
permanent deformation arises, whereby the strip which has 
been bent out into an approximately straight strip is 
capable of being introduced into an intervertebral space 
where the strip assumes its original curved shape. 

The strip may be manufactured from a shape memory alloy 
/ memory material, such as an alloy of titanium and nickel, 
which can undergo great deformation before permanent 
deformation arises. 

The curved strip may have a U- shape. The curved strip 
may have a circular shape. The curved strip may have a 
spiral shape. The strip may have an oval shape. 

The strip may have a thickness of 1.5 mm and the curved 
parts of the strip exhibit a radius of at least 12.5 mm. 
Where the minimum thickness of the elongate element is less 
than 1.5mm, for instance, less than 1mm, the curved parts of 
the strip may exhibit a radius of at least 8mm. 

The strip may be provided with holes. The strip may 
have a gauze structure. 

The strip may have provided on its sides with 
projections which after the strip has been fitted in the 
intervertebral space come into contact with the two 
vertebrae bounding said space and fix the strip with respect 
to them. 

According to the invention the device exhibits the 
characteristic that the strip is manufactured from a 
material that can undergo great deformations before 
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permanent deformation arises, and the strip is curved in a 
shape in which the extremities are situated apart from one 
another and the radius of the curved parts as well as the 
thickness of the strip are chosen in such a way that when 
the strip is bent out into an at least approximately- 
straight strip scarcely any permanent deformation arises, in 
which case the strip which has been bent out into an 
approximately straight strip is capable of being introduced 
into an intervertebral space where the strip assumes its 
original curved shape . 

The material of the strip may, moreover, be constituted 
by a shape memory alloy / memory material such as an alloy 
of titanium and nickel. Such a material has, besides its 
advantageous property that it delivers virtually constant 
force in the course of progressive deformation, the 
additional property that it can undergo very great 
deformations of up to 6 % to 8 % without the material 
deforming permanently. 

In the case of the devices according to the invention, 
optimal use is made of the aforementioned properties by 
giving the strip such a curved shape that crosscut edges are 
obtained which form a bearing surface of the desired 
dimension for the vertebrae. Moreover, the curves of the 
strip are given a radius such that, given the thickness of 
the strip which arises when the strip is bent out into a 
straight strip, scarcely any or no permanent deformations 
arise - that is to say, the deformations remain below the 
order of 6 % to 8 % straight can easily be inserted via a 
narrow slit -shaped incision into the intervertebral space 
where the strip then reassumes its original curved shape. 
Because the curved strip can have crosscut faces of 
substantial dimension in comparison with tfre crosscut faces 
of known devices, with the device according to the invention 



0106962AIJ_> 



WO 01/06962 



PCT/GB00/02861 



-13- 

it is possible to use only one device which provides 
satisfactory load-bearing strength and stability in an 
intervertebral space. In this way the fitting of the device 
becomes simpler, because only one small opening is necessary 
for the insertion, causing less trauma. Depending on 
circumstances, the strip according to the invention can be " 
curved in a U- shape, a circular shape, a spiral shape, a 
rectangular shape or any other desired shape. Another 
favourable design of the device according to the invention 
exhibits the characteristic that the strip has a thickness 
of 1.5 mm and the curved parts exhibit a radius of at least 
12.5 mm. In this way it is ensured that when the strip is 
bent out into an almost straight strip the deformation of 
the strip in the curved parts remains below 8 %, so that no 
permanent deformation or scarcely any permanent deformation 
arises and the strip reassumes its original curved shape 
after its introduction into the intervertebral space. 

In order to promote a successful ingrowth and accretion 
of bone, according to a further embodiment of the devices 
according to the invention the strip is provided with holes 
or the strip is designed in the form of a gauze. 

In order to fix the device well in its place after 
fitment in the intervertebral space, according to a further 
embodiment the strip is provided on its sides with 
projections which come into contact with vertebrae bounding 
the space and consequently oppose a displacement with 
respect to them. 

According to a third aspect of the invention we 
provide a method of surgery, the method including the acts 
of 

making an incision in the patient; , 
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removing at least part of an intervertebral disc from 
the patient through the incision, thereby providing an 
intervertebral disc space; and 

inserting a device into the intervertebral space; 

the device comprising an elongate element, the elongat 
element providing one or more upper load bearing surfaces " 
for a vertebrae and one or more lower load bearing surfaces 
for a vertebrae, the upper and lower load bearing surfaces 
being vertically spaced from one another by the elongate 
element, the elongate element having a first state prior to 
insertion and a second state after insertion, the elongate 
element having a substantially linear configuration in the 
first state and a less linear configuration in the second 
state, the elongate element undergoing transition, from the 
first state to the second state within the patient, the 
elongate element being of shape memory alloy. 

The device may have any of the features, options or 
possibilities set out elsewhere in this document, including 
the first and / or second and / or sixth aspects of the 
invention. 

The incision may be made anteriorally and/or 
posteriorally . Preferably the incision is less than 5cm 
long, more preferably less than 3cm long. 

Preferably at least the nucleus pulposus is removed. 
The annulous fibrosis and/or vertebral end-plate may also be 
removed . 

The device may be inserted using surgical apparatus. 
The surgical apparatus may be provided as detailed in the 
fourth and/or fifth aspects of the invention and/or as 
described elsewhere in this document. 

Whilst only a single device may be inserted in the 
intervertebral space between any two, vertebrae, a plurality 
of devices may be inserted. Two or more devices may be 
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inserted into a position where they are alongside one 
another. Two or more devices may be inserted into a 
position where at least a part of one of the devices is 
enclosed by one of the other device's and/or lies within the 
outline of one of the other device's. Two or more devices 
may be inserted such that an opening defined between the two 
ends of one of the device's is opposed by at least a part of 
another device. Bone graft material may be provided within 
the outline of one or more of the devices. Bone graft 
material may be provided between at least a portion of one 
device and at least a portion of another device. 

In the method the end of the apparatus, particularly 
the end of the holding frame, may be inserted into the 
incision and ideally between the vertebrae. The apparatus 
is preferably inserted in one orientation and rotated to a 
second orientation after insertion. The second orientation 
may be between 70 and 110° of the first. Preferably the end 
of the apparatus abuts the opposing vertebrae during 
rotation. Preferably continued rotation increase the 
separation of the opposing vertebrae. In this way easier 
access to the vertebral space may be gained. 

The insertion of the device may cause the transition 
from first to second state, particularly where the 
restraining force is removed by insertion. The transition 
from first to second state may occur after insertion of the 
device, particularly where the transition is caused by the 
device passing from cold state to warm state. The passage 
of the device from cold to warm state is preferably at least 
in part be caused by warming due to the patient's body heat. 
Additional heating for the device may be provided, 
particularly external heating. The temperature of the 
device may be raised to at least 40°C and ideally to between 
40°C and 50°C by external heating. 
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The method may include the ingrowth of bone or other 
material to complete the fusion after insertion. 

The method may include retraction of the device. The 
method may include manipulation of the device. Preferably 
manipulation and / or retraction and / or insertion are 
provided using surgical apparatus according to the fourth ot 
fifth aspects of the invention and / or by means of a 
profile on the end of the device as provided in the second 
aspect of the invention. 

The method may include retraction of the device into 
the apparatus. The method may include retraction of the 
device so as to cause the device to change from the second 
state into the first state. The method may include the 
retraction of the device into the surgical apparatus . 

The present invention also relates to apparatus that is 
suitable for the insertion of a device as described above 
into an intervertebral space. 

According to a fourth aspect of the invention we 
provide surgical apparatus for inserting a device into a 
patient, the apparatus including a holding frame for the 
device, a pushing element configured to enter the holding 
frame, at least one hand operated component, the hand 
operated component being indirectly or directly linked to 
the pushing element, operation of the hand operated 
component advancing the pushing element into the holding 
frame. 

The device may be as described in the first and/or 
second aspect of the invention. 

The holding frame preferably extends along an axis. 
The cross-section of the holding frame perpendicular to the 
axis is preferably constant. Preferably the holding frame 
has an axial extent greater than the device, particularly 
relative to the first state for the device mentioned above. 
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The holding frame is preferably continuous. The holding 
frame may be tubular. The tubular form may have a circular 
cross-section, but preferably has a rectilinear cross- 
section. The rectilinear cross-section may be between 1 and 
20% greater than the cross-section of the elongate element 
in the height direction. The rectilinear cross-section may" 
be between 1 and 10% greater than the cross -section of the 
elongate element forming the device in the thickness 
direction. The holding frame may be between 1 and 25% 
longer than the device in the length direction. 

The length direction for the device may be its elongate 
direction and/or longest dimension. The thickness direction 
for the device may be perpendicular to its elongate 
direction and/or its smallest dimension. The height 
direction for the device may be perpendicular to its 
elongate direction and/or its intermediate dimension of the 
three . 

The holding frame may be sealed at one or both ends. 
Preferably the holding frame is sealed. The holding frame 
may be sealed by seals, preferably the pushing element 
breaks the seal when advanced in to the holding frame. 
Preferably the device breaks the seal when advanced out of 
the holding frame . 

The holding frame is preferably detachable from the 
apparatus. The detachable holding frame may be fully sealed 
prior to use. Preferably the interior of such a holding 
frame is sterile prior to use. The detachable holding frame 
may be disposable or reusable. 

The apparatus may have a body. The body may provide a 
mount for the holding frame and/or at least one hand 
operated component and/or pushing element. 
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The pushing element may have a cross -section 
substantially corresponding to the cross -section of the 
device and/or the holding frame . 

The pushing element may be mounted on a rod, shaft or 
other elongate element, particularly one end thereof. 

The pushing element may advance the device by abutting 
the device and / or by engaging the device . 

The pushing element may be retractable . Preferably the 
pushing element engages the device and facilitates 
retraction thereof . The engagement for the device may be 
provided by a profile in the pushing element. The profile 
may be a recess, slot or aperture. Preferably the profile 
cooperates with a portion of corresponding profile on the 
device. Preferably the profile provides one or more 
abutments between the pushing element and the device during 
advancement and / or retraction and / or manipulation. The 
profile may correspond and / or cooperate with a device 
profile as defined in the second aspect of the invention. 

The at least one hand operated component may be 
pivotal ly mounted on the apparatus body and/or on a 
protrusion therefrom. The protrusion may be hand held in 
use. The at least one hand operated component preferably 
abuts on a driving element when operated. The at least one 
hand operated component preferably advances the driving 
element towards the holding frame when operated. The 
driving element preferably advances the pushing element 
and/or a mounting therefore towards the holding frame when 
operated. The driving element may have an aperture through 
which the mounting for the pushing element passes. The 
driving element preferably catches on the mounting when 
advanced towards the holing frame. The driving element may 
be biassed away from the holding frame, for instance by a 
spring within the body. Preferably the driving element 



:iD: <WO. 



.0106962A1 J_> 



WO 01/06962 



PCT/GB00/02861 



-19- 

passes over the mounting when driven back away from the 
holding frame. The body may provide a restraining element. 
Preferably the restraining element resists movement of the 
pushing element and/or mounting therefore away from the 
holding frame. Preferably the restraining element is 
biassed, ideally by a spring, away from the holding frame. * 
The restraining element may be attached to the spring. 
Preferably the restraining element allows free movement of 
the pushing element or mounting therefore towards the 
holding frame. 



According to a fifth aspect of the invention we provide 
apparatus suitable for introduction of the prosthesis 
according to one or more of the preceding claims into an 
intervertebral space, characterised in that the apparatus 
comprises an elongated tubular body with a receiving space 
for a strip which has been bent out in elongated manner, 
said apparatus being further provided with means for 
exerting a force on said strip for pressing the strip out of 
the receiving space into an intervertebral space. 

The apparatus may have receiving space has a 
rectangular shape in cross-section. 

The apparatus may have the means for exerting a 
pressing-out force on said strip are constituted by a rod, 
one end of which is provided with a part which enters into 
contact with the strip, said rod being guided within a wall 
bounding the receiving space, said rod being displaceable in 
stepwise manner in the direction of the receiving space by 
means appropriate for this purpose and being arrested in the 
other direction by a blocking mechanism which is capable of 
being cleared after the strip has been introduced, after 
which the rod can be removed from the receiving space. In 
the invention said apparatus may comprise an elongated 
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tubular body with a receiving space for a strip which has 
been bent out in elongated manner, said apparatus being 
further provided with means for exerting a force on said 
strip for pressing the strip out of the receiving space into 
an intervertebral space . 

Moreover, according to a preferred embodiment the 
cross -section of the receiving space is rectangular and the 
means for pressing the strip out are designed in such a way 
that pressing-out proceeds in stepwise manner. 

According to a sixth aspect of the invention we provide 
an intervertebral fusion device, the device comprising an 
elongate element, the elongate element providing one or more 
upper load bearing surfaces and one or more lower load 
bearing surfaces, the upper and lower load bearing surfaces 
being vertically spaced from one another by the elongate 
element, the elongate element having a first state and a 
second state, the elongate element having a substantially 
linear configuration in the first state and a less linear 
configuration in the second state, the elongate element 
being capable of transition, at least once, from the second 
state to first state and being capable of transition, at 
least once, from the first state to the second state, the 
elongate element being formed of a plurality of elongate 
components which at least in part extend alongside one 
another . 

The elongate element may be provided with a plurality 
of elongate components which contact one another over at 
least a part, preferably all, of their length. The elongate 
components may correspond to one another in form. The 
elongate components may be of matching form. The elongate 
components may be equivalent to one 'another. Three, four or 
five elongate components may be provided. The elongate 
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components may be in the form of a plurality of equivalent ly 
configured strips, adjacent strips being in contact with one 
another. 

The elongate components are preferably connected 
together to form a single elongate element. The elongate 
components are preferably connected together at one end, 
particularly the end which is inserted first into the 
patient. The elongate components may be connected together 
by one or more fastenings. The elongate components may be 
joined together by one or more adhesive components. 

This aspect of the invention may include for its device 
any of the features, options or possibilities set out 
elsewhere in this document. 

The invention will now be described by way of example 
only, and with reference to the accompanying drawings, in 
which: - 



Figs, la, b, c, d, e, f and g each show 
schematically, in two mutually perpendicular 
views, a shape of a device according to various 
embodiments of the invention; 

Fig. 2 shows, schematically and not to 
scale, an example of a vertebral column with a 
device according to the invention received 
therein; 

Fig. 3 shows schematically a further 
embodiment of the invention and comprising a 
bent-straight strip of , a ^mater^al , preferably 



0106962A1_I_> 



WO 01/06962 



PCT/GB00/02861 



-22- 

memory material, which can undergo great 
deformations before permanent deformation arises; 

Fig. 4 shows in cross-section, 
schematically and not to» scale, one embodiment of 
an apparatus for inserting a device according to 
the invention into an intervertebral space; 

Fig. 5 shows a cross -section of the 
apparatus end according to Figure 4 along line V- 
V; 

Figures 6a and b illustrate two further 
embodiments of devices according to the 
invention; 

Figure 7 illustrates an alternative 
embodiment of apparatus for inserting a device 
according to the invention into an intervertebral 
space; 

Figure 8 illustrates the elongation with 
stress behaviour of memory metals during 
deformation and relaxing; 

Figure 9a shows a partial view of two 
vertebrae and the end of an apparatus for 
dispensing a device according to the invention in 
the position in which it is initially inserted; 

Figure 9b shows the partial view of Figure 
9a with the apparatus rotated to the position in 
which the device is dispensed; 
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Figure 10 shows schematically an 
alternative device according to an alternative 
form of the present invention; 

Figures lla, lib and lie show three 
different, situations in which a pair of devices' 
according to the invention are inserted between a 
pair of vertebrae; and 

Figure 12 illustrates a detail of one end 
of a device according to yet another embodiment 
of the present invention. 

In Figure la a device according to the invention is 
shown in the form of a strip l of shape memory alloy, 
commonly known as memory material or metal, which exhibits a 
circular shape. 

In Figure lb a device is shown consisting of a strip 1 
of memory material which has a spiral shape. 

In Figure lc a device is shown which comprises a strip 
1 of memory material which has a U-shape. 

In Figure Id a device is shown with a strip 1 of memory 
material which has the shape of an oval. 

In Figure le a device is shown with a strip 1 of memory 
material which has an overall partial circular form, but in 
which the strip is also provided with a waveform along its 
length. The strip thus extends beyond and within, 
alternately, the dotted line circular profile. One of the 
key features for such a form of the device is that the 
thickness of the material at any point is not increased 
(thus maintaining flexibility) whilst the overall length of 
material inserted in a given location is increased. This in 
turn increases the surface area of the top and bottoms of 
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the strip which are available to support the vertebrae in 
use. Equivalent bearing surfaces can effectively be 
provided, using such a profile, to a device as illustrated 
in Figure la, for instance, but with a thinner strip of 
material being used. The waveform also provides enhanced 
flexibility. Good flexibility. for the device to ease 
insertion and good support capability for the device once 
positioned are thus both ensured. Such device forms may 
also be beneficial in the stored state, prior to use, where 
lower constraining forces may be needed to keep the device 
in the form ready for dispensing; in this case a waveform 
extending linearly as shown in the bottom of the three views 
of Figure le. 

In Figure If again a device is shown in the form of a 
strip 1 of memory material which has a circular form. In 
this case the strip has a series of notches la in its 
external surface. The notches la have a maximum depth, into 
the thickness of the strip, of around 50% the thickness of 
the strip. The notches la extend across the full width of 
the strip in substantially the same profile and are evenly 
spaced along the length of the strip. The notches la in 
such a device provide locations to preferentially 
accommodate the deformation of the strip in the pre -dispense 
form. The remainder of the strip provides a significant 
thickness, and hence top and bottom surface areas, to 
achieve the desired level of support for the vertebrae they 
contact in use. Again a successful balance of flexibility 
to allow insertion and support area to maintain the 
separation of vertebrae is provided. The bottom 
illustration of the three in Figure If shows the device in 
its linear profile, suitable for dispense. 

In Figure lg another strip 1 Ik' illustrated, on this 
occasion with a non-rectilinear cross-section in certain 
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parts lc. In these parts lc the top and bottom load bearing 
surfaces of the strip 1 are extended. Between the expanded 
parts are rectilinear cross-sectioned parts Id. It is at 
these parts Id that most of the bending occurs during the 
transition from the first to second state and vice-versa. 
This linear C-shaped cross-section offers expanded support " 
capability through increased bearing area, but still 
maintains flexibility. 

The strip 1 of the foregoing figures is manufactured 
from a shape memory alloy which is constituted by an alloy 
of copper and zinc or titanium and nickel or nickel and 
iron. Shape memory alloys, due to their pseudo-plastic 
behaviour, has the property that it can undergo deformations 
of up to 8 % before it exhibits permanent deformations. By 
giving a strip of this material a thickness and radii of 
curvature so that in the course of its being bent out into a 
straight strip no deformations of more than 8 % arise, such 
a strip will reassume its original curved shape after being 
bent out into a straight strip and subsequently released. 
In practice, therefore, the devices according to Figures 1 
a, b, c, d, e, f and g can be manufactured from a strip with' 
a thickness of ideally 1.5 mm and the radii of curvature of 
the curved parts are ideally greater than 12.5 mm where a 
uniform thickness of strip is used. In the cases where 
reduced thickness portions are provided for the strips, the 
thickness could be considerably thinner, for instance down 
to 0.4mm, at those reduced thickness locations. The radius 
of curvature may also be less in such cases, for instance 
greater than 8mm. In this way, these strips will always 
resume their original shape after being deformed. This 
means that, after being deformed into an almost straight 
strip, such devices can be introduced > via ,a narrow slit 
made in the spine bounding the intervertebral space, into 
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said intervertebral space where they then resume their 
original shape. In that position the end faces 2 and 3 then 
come into contact with the adjacent vertebrae, in which case 
the strip then performs a supporting and stabilising 
function for these vertebrae and thus takes over the load- 
bearing function of the intervertebral disc until bone 
fusion has come about. By virtue of the fact that the 
overall transverse dimension of this type of device can be 
fairly large, it is possible for the fitting of only one 
prosthesis to suffice. 

An example of a device of the type according to the 
invention which is fitted in the intervertebral space of a 
vertebral column is shown schematically in Figure 2. 

A strip 1 in the deformed state, is shown in Figure 3, 
wherein it is further indicated that such a strip may 
possibly also be provided with edges 4 and 5 which are not 
smooth but serrated. These serrated edges ensures that 
after placement of the device the latter remains well - 
positioned with respect to the vertebrae making contact with 
it. The strip may possibly also be provided with holes 6 
which promote the ingrowth and accretion of bone. 

For introduction of the strip 1, use may be made of 
apparatus according to Figure 4 . Said apparatus comprises a 
tubular part 7 which, as shown in Figure 5, has a 
rectangular cross -section in which a strip 1, which has been 
deformed straight, can be received. On the end of the 
strip there rests a pressing-out block 8 which is provided 
on a long rod 9. Fastened to the rod 9, with some clearance, 
is a plate 10, whereby a spring 11 which presses said plate 
against one end of a rotatable operating lever 12 acts on 
one side of said plate. On the other side of the lever a 
spring 13 which presses a blocking lever 14 into its 
blocking state is fitted in the apparatus. 
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The operation of the apparatus is as follows. By 
pressing the plate 10 to the right with the lever 12 said 
plate will tilt and thereby be locked onto the rod 9, which 
is moved to the right by further movement of the lever 12, 
: as a result of which the block 8 will press the strip l 
outwards. By now moving the lever back to the left, the 
plate 10 will also move back with it. Moreover, the rod 9 
remains in its place by virtue of the fact that movement 
thereof to the left is blocked by the blocking lever 14. in 
this way, by moving the lever 12 back and forth a number of 
times, the strip 1 will be pressed in stepwise manner out of 
the receiving tube 7 into an intervertebral space, for 
example. After the strip has been pressed out of the tube, 
the block 8 and the rod 9 can be brought back into their 
initial position by pressing on the blocking lever, as a 
result of which the blockage is cleared and the rod with the 
block 8 can be moved to the left. 

Further potential embodiments for the device are 
illustrated in Figures 6a and 6b. In Figure 6a a strip 20 
of material is provided with apertures 22 in the solid wall 
of the strip and indentations 24 in the upper and lower 
surface of the strip. The indentations 24 leave an upper 
load bearing surface 26 and lower load bearing surface 28 
which due to their reduced surface area offers resistance to 
movement of the strip relative to the vertebrae. In the 
Figure 6a embodiment the strip is of greater height on one 
side of the curve (side A in Figure 6a) compared with the 
other side of the curve (side B in Figure 6a) . in effect 
side B is the location on the strip where the opening 
between the two ends is provided. The different heights for 
the strip at different locations and a gradual tapering 
between the two on both upper and lower load bearing 
surfaces provides a closer match between the device and the 
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attitude of the vertebrae in practice. The angle / «, 
defined by a projection of the upper and lower surfaces, may 
be between 8 and 12° and is preferably 10°. 

A similar embodiment of the device is illustrated in 
Figure 6b, but in this case the upper and lower load bearing 
surfaces are parallel to one another. 

It is highly desirable that the device is formed of a 
single layer of material as this avoids the risk of de- 
lamination, relative movement or other issues which arise 
with multi layer materials. Strips of between 1 and 1.5mm 
in thickness can be used to provide sufficiently resilient 
devices which are capable of being straightened to a linear 
profile. A radius of approximately 15mm is preferred to 
effect a suitable fusion device using a single device. 

It is preferred that the device is relatively flexible 
to forces exerted in the plane of the intervertebral space / 
intervertebral disc. It is preferred, however, that the 
height of the device and / or the height of the separation 
between vertebrae it maintains does not vary. 

In the alternative embodiment of the apparatus 
illustrated in Figure 7, the permanent barrel of the Figure 
4 embodiment is replaced by a disposable tube 3 0 which can 
be releasably fastened on to the end of the apparatus 32 by 
screw threaded portions 33. The device 34 is provided 
within the tube 30 and is sealed at both ends by barriers 
36. The device 34, therefore, is provided to the apparatus 
in a fully sealed manner which maintains it sterile during 
transport and dispensing. 

In use, in a similar manner to the description above 
for the Figure 4 embodiment, the piston 38 is advanced in 
the apparatus and pushes through the barrier 36 to contact 
the end 40 of the device 34 as a result. Continued 
advancement of the piston 38 pushes the device 34 forward 
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and causes it to rupture the barrier 3 6 and thereafter pass 
into the intervertebral space. 

The use of shape memory alloys, including memory 
metals, is advantageous during the dispensing process. 
Whilst the walls of the tube containing the device are used, 
to restrain it during dispensing, once clear of the end of * 
the tube the device begins to resume its original profile. 
The pseudo-elastic properties of memory metal materials, as 
illustrated in Figure 8, mean that there is a "delay" in the 
shape memory alloy resuming its configuration as the stress 
is removed. Because of this, shape memory alloys are far 
easier to dispense using such apparatus than other materials 
which would immediately return to their original 
configuration upon removal of the stress. The applicability 
of the invention is not dependant on this possibility. 

To insert devices according to the present invention, a 
small incision is made and the disc in the intervertebral 
space for which fusion is to be effected is removed. The 
size of the incision is minimised to minimise surgical 
trauma. Subsequent to the disc's removal the end of the 
apparatus for dispensing the device is inserted into the 
aperture through which the disc has been removed. The end 
of the device is inserted with the device in a substantially 
flat orientation, see Figure 9a and is slowly rotated about 
its length to the orientation of Figure 9b. In this way the 
external surface 50 of the apparatus abuts the vertebrae as 
the apparatus is rotated, with continued rotation increasing 
the separation of the vertebrae to the desired level where 
the device can be introduced easily. The separation of the 
vertebrae may be assisted by the use of spreader blocks. 

In addition to the above mentioned technique in which 
the device is straightened and then restrained during 
insertion to maintain it in the linear profile, it is 
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possible to make use of the different properties of shape 
memory alloys in their respective cold state and warm state. 
In the warm state it is possible to straighten and 
physically restrain in a position a normally curved strip. 
If the temperature of the strip is then reduced, the 
deformation can be fixed using the cold state for the shape" 
memory alloy. In this cold state the device can then be 
introduced into the intervertebral disc space, with the 
warmth of the body into which the device is inserted causing 
the device to warm up once more and pass from the cold state 
to warm state, whereupon the device assumes its original 
curved configuration. The warming process can be assisted 
beneficially by external heating of the device. The device 
may be heated up to between 4 0°C and 50°C and then allowed to 
cool . The hysteresis curve for the memory metal gives 
benefits in such a case. 

Whilst the invention is particularly concerned with the 
use of shape memory alloys to achieve the desired balance of 
flexibility and support in a spinal fusion device, some of 
the benefits of the invention can be obtained through the 
use of carefully configured conventional materials, i.e. 
elastic materials. To achieve the aim of inserting the 
device through a small insert in the spine the device, 
Figure 10, is once again provided in the form of a strip 100 
which assumes a U-shaped profile in use. To achieve the 
desired level of support in use from such materials a 
significant upper and lower surface area needs to be 
provided. With conventional material, however, this results 
in a strip which is insufficiently flexible to be placed in 
a linear, pre-dispensed form, if a single piece of material 
is used. To overcome this the device in this embodiment is 
formed of a series of thinner strips *102 w^ich are joined 
together by fixing piece 104 at one end. In use this is the 
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end which is inserted into the patient first. The 
thicknesses of the individual strips and their ability to 
move relative to one another allows them the desired degree 
of flexibility. 

In the various embodiments as described above a single 
device is inserted between a pair of vertebrae to facilitate 
fusion thereof. In some cases, such as osteoporosis, a 
greater level of bearing surface needs to be provided and 
this can be achieved using the present invention through two 
or more devices being deployed between a pair of vertebrae. 
Three potential configurations for such deployments are 
illustrated in Figures lla, lib and 11c. In each case the 
main aim of minimum invasion is achieved. In Figure lla the 
two devices 200 are provided in the same configuration, but 
alongside one another. in the Figure lib situation the two 
devices 200 are provided with a part of each device within 
the outline of the other. In the Figure 11c situation one 
of the devices 200 is used to obstruct the gap between the 
two ends of the other device 200. Configurations such as 
this mechanically assist the retention of bone graft 
material in the fusion site. 

Whilst the device can readily be used using apparatus, 
such as that illustrated in Figure 4, which facilitates 
insertion only of the device. It may be desirable in some 
cases, however, to be able to manipulate the device after 
insertion and/or to remove it. This may even include 
removal of the device from the spine entirely by retracting 
it into the apparatus. This may cause the device to assume 
the first state once more, from the second state. To this 
end Figure 12 illustrates a modified end portion 300 for a 
device 3 02 of the type described above, and a cooperating 
part 304 of the dispensing apparatus.* ■ 
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The end portion 300 of the device 302 has a recess with 
a reduced width portion 306 and expanded width portion 308 
which together form a dove tail . The maximum width of the 
portion 308 is less than the normal width 310 of the device 
3 00 so as not to increase the extent of invasion during 
surgery. By providing a corresponding protrusion 312 to the 
dove tail in the cooperating part 3 04 of the dispensing 
apparatus a good engagement between the two can be provided. 

As described above, advancing the driving part of the 
apparatus causes the device 302 , during implantation, to be 
advanced into the patient, by means of the cooperating part 
3 04 and dove tail cooperation. If the surgeon wishes to 
retract the device 3 02, however, that is possible using this 
type of cooperation as any retraction of the cooperating 
part 304 of the device results in withdrawal of the device 
302. This may even include transferring the device from the 
second state back to the first state by withdrawing it 
entirely to within the surgical apparatus. Similarly 
manipulative movements can be conveyed from the apparatus to 
the cooperating part 3 04 and hence to the device 3 02 in the 
patient . 

Various means, from simply moving the whole apparatus 
to retracting the cooperating part 304 into the apparatus, 
can be used to effect the retraction and/or manipulation of 
the device 302. 

From the foregoing embodiments it should be clear that 
the invention provides a device which can have a large 
transverse dimension, so that the fitting of one such device 
in an intervertebral space should be able to suffice, it 
being possible for said device to be fitted through a 
relatively narrow slit and with a le£s drastic surgical 
intervention. It should also be clear that the device is 
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constituted by a strip of memory material which may be 
curved in various ways, in which connection only a few of 
the possible embodiments are shown above by way of 
illustration. The term device should be taken as 
potentially interchangeable with the term prosthesis. 
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CLAIMS 

1. An intervertebral fusion device, the device comprising 
an elongate element, the elongate element providing one 
or more upper load bearing surfaces and one or more 
lower load bearing surfaces, the upper and lower load" 
bearing surfaces being vertically spaced from one 
another by the elongate element, the elongate element 
having a first state and a second state, the elongate 
element having a substantially linear configuration in 
the first state and a less linear configuration in the 
second state, the elongate element being capable of 
transition, at least once, from the second state to 
first state and being capable of transition, at least 
once, from the first state to the second state, the 
elongate element being of shape memory alloy. 

2. A fusion device according to claim 1 in which the first 
state provides a linear configuration for the elongate 
element . 

3 . A fusion device according to claim 1 in which the first 
state provides a configuration in which one end of the 
elongate element is further from the other end of the 
elongate element, measured along a straight line, than 
from any other part of the elongate element, the device 
having a waveform configuration. 

4. A fusion device according to any preceding claim in 
which the second state provides a configuration in 
which at least a part of the elongate element is 
curved. 
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A fusion device according to any preceding claim in 
which the second state provides a configuration in 
which at least part of the elongate element is provided 
as a waveform and/or undulating strip. 

A fusion device according to any preceding claim in 
which in the second state the elongate element has a 
configuration which is a part circle and/or full circle 
and/or spiral and/or U- shape and/or a part oval and/or 
full oval. 

A fusion device according to any preceding claim in 
which the elongate element has a different thickness at 
one or more locations along its length than at other 
locations along its length, the reduced thickness 
locations extend across the full width of the elongate 
element . 



A fusion device according to claim 7 in which the 
reduced thickness locations are provided by grooves in 
the elongate element. 

A fusion device according to claim 7 or claim 8 in 
which the reduced thickness portions are preferentially 
provided in the portion or portions of the elongate 
element which undergo a change in profile during the 
transition from first to second state compared with the 
portion or portions of the elongate element which 
undergo no or a lesser change in profile during the 
transition from the first to second state. 



WO 01/06962 



PCT/GB00/02861 



-36- 

10. A fusion device according to any preceding claim in 
which the elongate element has a thickness of less than 
3 mm. 

11 . A fusion device according to any preceding claim in 
which the maximum extent of the elongate element, 
measured from any point to any other in a straight 
line, is preferably less than 50mm, when considered in 
the second state. 

12 . A fusion device according to any preceding claim in 

which the elongate has a non-rectilinear cross section 
at one or more locations along its length, a 
rectilinear cross section being provided at a location 
between those locations of non-rectilinear cross 
section. 

13. A fusion device according to claim 12 in which the non- 
rectilinear cross section provides an increased 
thickness portion at the upper load bearing surface and 
at the lower load bearing surface of the elongate 
element . 

14 . A fusion device according to any preceding claim in 
which the elongate element has an upper load bearing 
surface or surfaces and a lower load bearing surface or 
surfaces , the upper and lower load bearing surface 
and/or one or more of the upper and lower load bearing 
surfaces being parallel to one another. 

15. A fusion device according to any preceding claim in 
which the elongate element has an upper load bearing 
surface or surfaces and / or a lower load bearing 



ID: <WO 0106962A1 Jj> 



WO 01/06962 



PCT/GB00/02861 



-37- 

surface or surfaces which are provided with serrations 
or spikes . 

16 . A fusion device according to any of claims 1 to 13 in 
which the upper and lower load bearing surface and/or 
one or more of the upper and lower load bearing 
surfaces are angled relative to one another, the angle 
between a projection of the upper load bearing surfaces 
and/or at least one of the upper load bearing surfaces 
and the lower load bearing surface and/or at least one 
of the lower load bearing surfaces, the angle being 5° 
to 15°. 

17. A fusion device according to any of claims 14 to 16 in 
which the vertical spacing of the upper and lower load 
bearing surface or surfaces is between 7mm and 20mm, 

18. A fusion device according to any of claims 14 to 17 in 
which the minimum vertical spacing is preferably more 
than 4mm. 

19. A fusion device according to any preceding claim in 
which the elongate element has one or more holes in it, 
the holes being round and / or oval and / or triangular 
and / or diamond shaped. 

20. A fusion device according to any preceding claim in 
which at least one end of the elongate element is 
provided with an engagement profile, the engagement 
profile defining a dovetail. 

21. A method of surgery, the method including the acts of 
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making an incision in the patients- 
removing at least part of an intervertebral disc from 
the patient through the incision, thereby providing an 
intervertebral disc space; and 

inserting a device into the intervertebral space ; 
the device comprising an elongate element, the elongate 
element providing one or more upper load bearing surfaces 
for a vertebrae and one or more lower load bearing surfaces 
for a vertebrae, the upper and lower load bearing surfaces 
being vertically spaced from one another by the elongate 
element, the elongate element having a first state prior to 
insertion and a second state after insertion, the elongate 
element having a substantially linear configuration in the 
first state and a less linear configuration in the second 
state, the elongate element being capable of transition, at 
least once, from the second state to first state and being 
capable of transition, at least once, from the first state 
to the second state, the elongate element being of shape 
memory alloy. 

22. A method according to claim 21 in which the shape 
memory alloy of the device is in a cold state in the 
first state and is in a warm state in the second state, 
the device being warmed, at least in part by the body 
heat of the patient, the warming causing the transition 
from cold to warm state for the memory metal of the 
device and hence from the first to the second state of 
the device . 

23 . A method according to claim 22 in which external 
heating of the device is applied, the temperature of 
the device in the patient being raised to at least 
40°C. 
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24. A surgical apparatus for inserting a device into a 
patient, the apparatus including a holding frame for 
the device, a pushing element configured to enter the 
holding frame, at least one hand operated component, 
the hand operated component being indirectly or 
directly linked to the pushing element, operation of 
the hand operated component advancing the pushing 
element into the holding frame. 

25. Apparatus according to claim 24 in which the pushing 
element is provided with a profile which cooperates 
with a portion of the device during advancement and 
retraction of the pushing element. 

26. Apparatus according to claim 24 or claim 25 in which 
the holding frame is sealed at one or both ends. 

27. Apparatus according to claim 26 in which the holding 
frame is sealed by one or more seals and the pushing 
element breaks a seal when advanced in to the holding ' 
frame and/or the device breaks a seal when advanced out 
of the holding frame. 

28. Apparatus according to any of claims 24 to 27 in which 
the holding frame is detachable from the apparatus. 

29. Apparatus according to any of claims 24 to 27 in which 
the apparatus has a body, the body provides a mount for 
the holding frame and/or at least one hand operated 
component and/or pushing element . 
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30. An intervertebral fusion device, the device comprising 
an elongate element, the elongate element providing one 
or more upper load bearing surfaces and one or more 
lower load bearing surfaces, the upper and lower load 
bearing surfaces being vertically spaced from one 
another by the elongate element, the elongate element" 
having a first state and a second state, the elongate 
element having a substantially linear configuration in 
the first state and a less linear configuration in the 
second state, the elongate element being capable of 
transition, at least once, from the second state to 
first state and being capable of transition, at least 
once, from the first state to the second state, the 
elongate element being formed of a plurality of 
elongate components which at least in part extend 
alongside one another. 

31. A fusion device according to claim 30 in which the 
elongate components correspond to one another in form. 

32. A fusion device according to claim 30 or claim 31 in 
which the elongate components are in the form of a 
plurality of equivalent ly configured strips, adjacent 
strips being in contact with one another. 

33. A fusion device according to any of claims 30 to 32 in 
which the elongate components are connected together to 
form a single elongate element, the elongate components 
being connected together at one end. 

34. An intervertebral fusion device, the device comprising 
a memory metal elongate element , the ? elongate element 
providing one or more upper load bearing surfaces and 
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one or more lower load bearing surfaces, the upper and 
lower load bearing surfaces being vertically spaced 
from one another by the elongate element, the elongate 
element having first and second ends and a 
substantially non-linear configuration between the two. 
ends . 

35. A fusion device according to claim 34 wherein the 
elongate element has a thickness and the substantially 
non-linear configuration defines a radius, and wherein 
the thickness and radius are predetermined so that, 
when the elongate element is straightened to form a 
substantially linear configuration, no deformations of 
more than 8% arise. 

36. A fusion device according to claim 34 or claim 35 
wherein the ratio of the radius to the thickness is at 
least 8:1. 

37. A method of using a prosthetic device, comprising the 
steps of : 

a) providing the device of claim 34, 

b) straightening the non-linear configuration of the 
elongate element to form a substantially linear 
configuration, and 

c) inserting the straightened device into the disk 
space , and 

d) curving the substantially linear configuration of the 
elongate element to reform the non- linear 
configuration. 

38. A device produced by : . 4 . . ! 
a) providing the device of claim 34, 
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b) straightening the non-linear configuration of the 
elongate element to form a substantially linear 
configuration, and 

c) curving the substantially linear configuration of the 
elongate element to reform the non- linear 
configuration. 
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